Introduction
============

Osteoporosis is a common disease characterized by low bone mineral density and deterioration in the microarchitecture of bone tissue, leading to an increased risk of fracture.[@b1-cia-8-789] By 50 years of age, one in three women and one in five men will suffer a fracture in their remaining lifetime.[@b2-cia-8-789] It is estimated that an osteoporotic fracture occurs every three seconds worldwide. Sustaining any kind of fracture is related to excess mortality in both men and women, and a hip fracture is a powerful independent predictor of long-term excess mortality.[@b3-cia-8-789] Nowadays, osteoporosis and osteoporotic fractures are becoming important public health problems worldwide, resulting in a heavy economic burden.[@b4-cia-8-789] For example, patients whose fractures are treated in inpatient facilities may subsequently need hospitalization for postoperative complications, such as chest infections, venous thromboembolism, or pneumonia.[@b5-cia-8-789] With its rapidly aging population, People's Republic of China has the largest number of people affected by osteoporosis in the world, where the disease currently affects more than 6.9 million people over the age of 50 years and causes about 687,000 hip fractures each year.[@b6-cia-8-789]

Due to the devastating effects of osteoporosis, preventive strategies should be implemented to reduce the incidence of osteoporotic fractures in the future. "Three steps to unbreakable bones" is recommended by the International Osteoporosis Foundation,[@b2-cia-8-789] which describes a combination of staying active, eating a diet rich in calcium, and avoiding vitamin D deficiency to improve bone and muscle health and reduce the risk of osteoporosis. Both calcium and vitamin D are essential components of an integrated strategy for prevention and treatment of osteoporosis in patients with dietary insufficiency.[@b7-cia-8-789] In order to plan effective interventional projects, it is necessary to determine the current state of awareness about osteoporosis in the Chinese community.

There have already been several studies examining knowledge about osteoporosis in Eastern countries.[@b8-cia-8-789]--[@b16-cia-8-789] However, the majority have been surveys based on selected samples which may contain a degree of bias. Further, most of the studies reported have involved relatively small samples of women, and there is little published information about awareness of osteoporosis at the population level. The aim of this large cross-sectional study was to determine the level of basic awareness about osteoporosis in a large Chinese community. The relationship between awareness of osteoporosis in the community and quantitative ultrasound (US) values was also investigated. Quantitative US is a convenient method for estimation of bone mass and provides an index of bone strength, reflecting bone structure as well as bone density.[@b17-cia-8-789] It is used as a screening tool for low bone density and can predict fragility fractures.[@b18-cia-8-789]

Materials and methods
=====================

Subjects
--------

The present cross-sectional study was a part of a population-based program investigating the epidemiology of metabolic disease. For this survey, a simple self-administered questionnaire was distributed by experienced physicians in 11 adjacent communities in Gulou, a large district of Nanjing, People's Republic of China, between June and December 2011. During the recruiting phase, residents aged 40 years and older were invited by advertisement, telephone, or door-to-door visits to participate. Finally, 10,030 women and men agreed to take part. Because the study focused mainly on awareness of osteoporosis and on quantitative US measurement, subjects who could not communicate normally failed to complete the questionnaire or gave unclear answers, did not attend for quantitative US measurement, or had non-osteoporotic fracture history but other fractures were excluded.

Materials
---------

After finishing the investigation for metabolic disease, the subjects were asked if they would be willing to complete an osteoporosis awareness questionnaire, designed by three osteoporosis experts to include demographic characteristics (including sex, age, height, weight, menopausal status in females, educational background fracture history in detail, ie, age at which the fracture occurred as well as its anatomical location and cause) and six simple questions concerning basic awareness:[@b2-cia-8-789],[@b6-cia-8-789],[@b7-cia-8-789]

-   Have you heard of osteoporosis before?

-   Have you heard of osteoporotic fractures before?

-   Do you drink milk regularly? (such as a cup of fresh milk or yoghurt daily)

-   Do you consciously take daily calcium? (such as a daily calcium carbonate supplement)

-   Do you consciously take vitamin D? (such as a daily supplement of one or two drops of vitamin D)

-   Do you perform regular physical activity (such as daily weight-bearing activities like running, climbing stairs, jumping, or weight-lifting).

The answer to each question was required to be "yes" or "no". In total, 9983 (99.5%) subjects provided written informed consent and completed the awareness questionnaire in this survey. The study was carried out in compliance with the Declaration of Helsinki and was approved by the ethics committee at the First Affiliated Hospital of Nanjing Medical University.

All fractures occurring in subjects older than 25 years were recorded with an osteoporotic fracture defined as a fracture caused by minor trauma equivalent to that generated by a fall from a standing height or lower. Fractures occurring at the hip, vertebra, femur, lower leg, pelvis, forearm, upper arm, and ribs were deemed to be osteoporotic, whereas fractures of the fingers, face, skull, and toes were not.[@b19-cia-8-789],[@b20-cia-8-789] Fragility fractures were diagnosed by two experts on the basis of self-reporting by subjects and their previous medical records. If the opinions of the two experts differed the third expert was asked to make the diagnosis.

Baseline quantitative US data were collected as part of the principal investigation for metabolic disease. Broadband ultrasound attenuation (BUA) and speed of sound (SOS) were measured at the left calcaneus in each participant using the same Sahara ultrasound machine (Hologic Corporation, Bedford, MA, USA) operated by the same two trained physicians. If a previous fracture was reported at the left calcaneus, BUA and SOS were measured on the right side. The machine was calibrated before each measurement in accordance with the manufacturer's recommendations.

Statistical analysis
--------------------

The preliminary data were double-checked. All analyses were performed using Statistical Package for the Social Sciences version 13.0 for Windows software (SPSS Inc, Chicago, IL, USA). Descriptive statistics (means, standard deviations, percentages) were used to describe the characteristics of the participants. The chi-squared test was used to compare the level of awareness of osteoporosis according to sex, menopausal status, age, educational background, and history of osteoporotic fracture. Binary logistic regression was used to analyze the relationship between the above factors and awareness of osteoporosis. One-way analysis of variance was used to determine whether differences in levels of awareness of osteoporosis were correlated with quantitative US values (BUA and SOS) at the calcaneus, and multiple linear regression was used to identify factors influencing quantitative US values. All *P* values reported are two-tailed and statistical significance was accepted at *P* \< 0.05.

Results
=======

Subject characteristics
-----------------------

Of the 9983 potential participants, 276 were excluded because of failure to provide clear answers on the questionnaire, and a further 300 were excluded because of lack of quantitative US measurement. Of the remaining 9407, 358 were excluded because of lack of an osteoporotic fracture. Therefore, data from 9049 subjects were available for analysis. Of these, 3058 (33.8%) were men, and the female to male ratio was 1.96:1. The mean age of the total sample was 58.0 ± 9.1 (40--87) years, and the average body mass index was 24.2 ± 3.9 kg/m^2^. In total, 4805 (80.2%) of the female subjects were postmenopausal (mean age 59.9 ± 7.7 years), and the mean age of the premenopausal women was 46.6 ± 4.0 years. The men were older than the women on average (59.6 ± 9.2 years versus 57.2 ± 9.8 years, respectively, *P* \< 0.001), and had a higher body mass index (24.5 ± 3.8 versus 24.1 ± 3.9 kg/m^2^, *P* \< 0.001). An osteoporotic fracture was identified in 803 (8.9%) subjects, of whom 617 were women and 186 were men. Data on the baseline characteristics of the individuals included in this study are shown in [Table 1](#t1-cia-8-789){ref-type="table"}.

Level of basic awareness of osteoporosis
----------------------------------------

Only 30.7% of the subjects had heard of osteoporosis before and only 18.5% had heard of osteoporotic fractures. In total, 52.9% of subjects drank milk, 16.0% took calcium, 7.1% took vitamin D, and 47.2% undertook physical activity on a regular basis ([Table 1](#t1-cia-8-789){ref-type="table"}). The proportion of women who had heard of osteoporosis before was significantly higher than in men (31.9% versus 28.5%, respectively, *P* \< 0.001). Similarly, the proportion of women who drank milk and took calcium and vitamin D were significantly greater than in men (all *P* \< 0.05).

There were no significant differences between the numbers of men or women who had heard of osteoporotic fracture before and those undertaking regular physical activity (each *P* \> 0.05). Fewer postmenopausal than premenopausal women had heard of osteoporotic fracture (17.7% versus 22.5%, respectively, *P* \< 0.001) or drank milk (52.4% versus 59.4%, *P* \< 0.001). However, more postmenopausal women than premenopausal women were taking calcium (20.6% versus 13.4%, respectively, *P* \< 0.001) and vitamin D (9.3% versus 5.1%, *P* \< 0.001). The proportion of subjects who had heard of osteoporotic fracture was highest in the youngest age group (20.3% at age 40--49 years, *P* \< 0.05). Older people were found to have better awareness of osteoporosis but not in terms of having heard of osteoporotic fracture. People with higher education were found to have better awareness of osteoporosis (*P* \< 0.05). Subjects with a previous osteoporotic fracture had better awareness than those without such a history (*P* \< 0.05), but not for those drinking milk (*P* \> 0.05).

In binary logistic regression, female sex, older age, and a higher level of education were associated with better awareness of osteoporosis ([Table 2](#t2-cia-8-789){ref-type="table"}). Given that most people in this study population only learned of osteoporosis after the occurrence of an osteoporotic fracture, subjects with a previous history of osteoporosis fracture had better awareness (*P* \< 0.05), except for drinking milk.

Relationship between osteoporosis awareness and quantitative US values
----------------------------------------------------------------------

The mean BUA was 73.68 ± 16.76 dB/MHz and the mean SOS was 1537.33 ± 30.20 m/sec for all subjects included ([Table 1](#t1-cia-8-789){ref-type="table"}). Compared with women, men had both higher BUA and higher SOS (*P* \< 0.001). Similarly, premenopausal women had both higher BUA and SOS than postmenopausal women (*P* \< 0.001). Consistent with previous studies, older people had lower BUA and SOS (*P* \< 0.001). In addition, individuals with a better educational background had higher BUA and SOS (*P* \< 0.001). People with a history of osteoporotic fracture had lower BUA (68.22 ± 17.10 dB/MHz versus 74.21 ± 16.63 dB/MHz, *P* \< 0.001) and lower SOS (1527.25 ± 30.24 m/sec versus 1538.31 ± 30.12 m/sec, *P* \< 0.001) than people who did not.

One-way analysis of variance showed that people who drank milk regularly had higher SOS than those who did not (1537.91 ± 30.53 m/sec versus 1536.69 ± 29.81 m/sec, *P* \< 0.05, ([Table 3](#t3-cia-8-789){ref-type="table"}). However, no significant difference in BUA was observed between the two groups (*P* \> 0.05). Except for those drinking milk, better awareness of osteoporosis was not associated with higher BUA or SOS values. People who had heard of osteoporosis had lower BUA (72.46 ± 16.83 dB/MHz versus 74.22 ± 16.10 dB/MHz, *P* \< 0.001) and SOS (1534.85 ± 30.12 m/sec versus 1538.43 ± 30.17 m/sec, *P* \< 0.001) than those who had not. Further, people taking calcium also had lower BUA (71.90 ± 17.25 dB/MHz versus 74.02 ± 16.64 dB/MHz, *P* \< 0.001) and SOS (1534.57 ± 30.00 m/sec versus 1537.86 ± 30.21 m/sec, *P* \< 0.001), probably because most of these people were taking calcium after a diagnosis of osteoporosis or as a result of having a history of an osteoporotic fracture. The results were similar in people taking vitamin D (*P* \< 0.05). People who had heard of osteoporotic fractures had a lower mean SOS (1536.01 ± 31.60 m/sec versus 1537.63 ± 29.86 m/sec, *P* \< 0.05) value than people who had not, but no significant difference in BUA was observed between the groups (*P* \> 0.05). Similar results were also observed for those who undertook regular physical activity and those who did not.

In logistic regression analysis, female sex, older age, lower body mass index, and lower educational level were significantly associated with lower BUA (*P* \< 0.001, [Table 4](#t4-cia-8-789){ref-type="table"}). In addition, people with a history of osteoporotic fracture had lower BUA in multivariate analysis (*P* \< 0.001). With regard to awareness of osteoporosis, drinking milk (*P* = 0.026) and not having heard of osteoporosis before were significantly (*P* \< 0.001) associated with higher BUA when other variables were adjusted for in multivariate analysis. In logistic regression analysis, female sex, older age, lower educational level, and osteoporotic fracture history were significantly associated with lower SOS (*P* \< 0.001). As with BUA, drinking milk (*P* = 0.007) and not having heard of osteoporosis (*P* \< 0.001) were significantly associated with higher SOS. Other indicators of awareness of osteoporosis were not associated with SOS (*P* \> 0.05).

Discussion
==========

Campaigns to increase awareness of osteoporosis at national levels were launched in developed Western countries more than a decade ago.[@b21-cia-8-789],[@b22-cia-8-789] To our knowledge, there has not been any population-based interventional approach in People's Republic of China to enhance public awareness of this common disease. One of the first steps in raising awareness is to examine how much is known about the disease amongst the public.[@b23-cia-8-789] This study assessed the level of awareness of osteoporosis in a Chinese community of people aged 40 years and older. In addition, we determined the relationship between awareness of osteoporosis and quantitative US parameters. Our results suggest that awareness of osteoporosis was very low in our study population. In addition, drinking milk and not having heard of osteoporosis were significantly associated with higher BUA and SOS. Other indicators of awareness of osteoporosis were not associated with BUA and SOS measurements.

At the community level, it is generally accepted that it is normal to lose height with aging. Osteoporosis is a "silent disease" and is not widely recognized in the community, which would account for why only 30.7% of our study population had heard of osteoporosis. This proportion was 87.1% in a Malaysian population attending health-related forums,[@b8-cia-8-789] 58% in Singaporean women living in the community,[@b9-cia-8-789] and 60.8% in women attending primary care centers in Turkey.[@b10-cia-8-789] A recent study reported that 77% of male patients aged 21--73 years had heard of osteoporosis at Saint Joseph Hospital in Chicago,[@b11-cia-8-789] and that 96% of Greek women being treated for osteoporosis or osteopenia had heard of osteoporosis.[@b12-cia-8-789] However, subject selection, age range, sex, and menopausal status of a sample may influence the degree of awareness in a study population.

Osteoporosis is generally accepted as a "women's health issue", and is particularly prevalent among postmenopausal women. As estrogen levels fall, the risk of osteoporosis increases.[@b21-cia-8-789] Lower bone mineral density and an increased fracture risk were found in more women than men and in more postmenopausal women than premenopausal women in our survey. Because of their lower bone density and higher rate of fractures, postmenopausal women suffered from complications of osteoporosis, which strengthen their awareness of the disease. Similar results have been reported by other researchers.[@b13-cia-8-789] Also consistent with previous reports,[@b14-cia-8-789]--[@b16-cia-8-789] a higher education level was associated with a greater likelihood of knowing about osteoporosis. Better educated people have more access to information about osteoporosis. Previous studies[@b14-cia-8-789]--[@b16-cia-8-789] have suggested that younger people have better awareness of osteoporosis, but the reverse situation was observed in our study. Older people were more likely to suffer from osteoporosis and to have had an osteoporotic fracture, and so may pay close attention to osteoporosis after onset of the disease. In addition, old people have more time to become familiar with the disease upon retirement.

Osteoporosis has frequently been called a "silent disease", given that it is asymptomatic until a fracture occurs,[@b24-cia-8-789] which explains why subjects with a history of osteoporotic fracture were more likely to know about osteoporosis than those without such a history. In spite of the large number of people in People's Republic of China with osteoporosis, the disease has not been recognized as a major health problem.[@b6-cia-8-789] People may visit a physician and other health care personnel only when they suffer from low bone mass, bone pain, functional limitation, or fractures caused by the disease. Only then will sufferers learn of osteoporosis and take steps to address the disease.

Consistent with previous studies, older women with a low body mass index had low BUA and SOS. Better educated subjects also had higher BUA and SOS, because of their increased awareness and greater likelihood of taking preventive measures against osteoporosis, which may have led to better bone quality. Interestingly, drinking milk was associated with higher BUA and SOS in this study; in contrast, subjects having heard of osteoporosis had lower BUA and SOS. The probable reason for this is that most subjects in this survey may not have known about osteoporosis until they suffered from low bone mass, bone pain, functional limitation, or bone fragility fractures. It is also likely that with improvement in living standards, an increasing number of people are drinking milk daily, but may not necessarily be aware of the relationship between drinking milk and bone health. Lactose intolerance is relatively common in Chinese and Asian populations,[@b25-cia-8-789] which may be a reason for people not to drink milk. There is no oral pharmaceutical preparation of vitamin D available in Mainland People's Republic of China,[@b6-cia-8-789] which may account for the low intake of vitamin D seen in our study, even though the Institute of Medicine now recommends tripling the daily intake for children and adults to 600 IU per day from 200 IU/day.[@b26-cia-8-789] In People's Republic of China, the recommended daily calcium intake for adults is 800 mg.[@b6-cia-8-789] Given the low rate of awareness about osteoporosis, national osteoporosis awareness strategies are urgently needed.

The results of our survey may help us to target at-risk individuals and design appropriate health education strategies. First, subjects at high risk should be included in awareness intervention programs. For example, most people with a fracture history in this study were still unaware of osteoporosis. A previous study[@b27-cia-8-789] also concluded that osteoporosis was rarely recognized by patients with newly diagnosed low-impact fractures, and the majority of the patients were not managed according to guidelines. Second, according to our findings, males, premenopausal women, young individuals, and those with limited education appear to be less aware of osteoporosis, so should also be targeted. Further, although only 20%--25% of osteoporotic fractures occur in men,[@b28-cia-8-789] the mortality after hip fracture in men older than 75 years has been reported to be significantly higher than that in women,[@b29-cia-8-789] emphasizing the importance of interventional education for men.

Provision of knowledge about osteoporosis by physicians could reduce the risk of the disease and future fractures.[@b30-cia-8-789] It has been recommended that osteoporosis prevention be started at a young age in both women and men. Basically, we should explain to our population clearly what osteoporosis is, its complications, and the major risk factors for this condition. Prevention of osteoporosis and osteoporotic fractures is another important issue. In the management of chronic disease, increased knowledge about the disease is associated with improved patient compliance with its treatment.[@b31-cia-8-789] Considering the alarmingly low rate of osteoporosis awareness in the Chinese population, it is timely to launch a national osteoporosis awareness campaign like the one implemented in the United States.[@b22-cia-8-789]

Our survey has several limitations. First, People's Republic of China is a developing country with imbalanced economic status. Although the sample size was large, our data came from only one region and are not necessarily representative of People's Republic of China as a whole. Second, the daily milk, calcium, and vitamin D intake was not clear, and the type, frequency, and duration of physical activity undertaken were not explored. Third, quantitative US is not the "gold standard" for diagnosis of osteoporosis. However, BUA and SOS at the calcaneus do provide basic information about bone strength, reflecting both bone structure and bone density.[@b17-cia-8-789] Osteoporosis or osteopenia is not defined according to the results of quantitative US.[@b32-cia-8-789] Only the relationship between awareness and quantitative US parameters was assessed in this study.

In conclusion, our present findings suggest that knowledge about osteoporosis in the Chinese population is very low. National osteoporosis awareness strategies should be implemented, especially for poorly educated young men.
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###### 

Basic characteristics of participants and awareness of osteoporosis

                               n (%)         Heard of osteoporosis (%)                       Heard of osteoporotic fracture (%)              Drinking milk (%)                               Taking calcium (%)                              Taking vitamin D (%)                            Doing physical activity (%)                     BUA (dB/MHz) (mean ± SD)                                 SOS (m/sec) (mean ± SD)
  ---------------------------- ------------- ----------------------------------------------- ----------------------------------------------- ----------------------------------------------- ----------------------------------------------- ----------------------------------------------- ----------------------------------------------- -------------------------------------------------------- ----------------------------------------------------------
  Total                        9049 (100)    30.7                                            18.5                                            52.9                                            16.0                                            7.1                                             47.2                                            73.68 ± 16.76                                            1537.33 ± 30.20
  Sex                                                                                                                                                                                                                                                                                                                                                                                                 
   Male                        3058 (33.8)   28.5[a](#tfn1-cia-8-789){ref-type="table-fn"}   18.1                                            51.1[b](#tfn2-cia-8-789){ref-type="table-fn"}   9.8[a](#tfn1-cia-8-789){ref-type="table-fn"}    4.6[a](#tfn1-cia-8-789){ref-type="table-fn"}    47.5                                            76.39 ± 15.93[a](#tfn1-cia-8-789){ref-type="table-fn"}   1540.88 ± 30.31[a](#tfn1-cia-8-789){ref-type="table-fn"}
   Female                      5991 (66.2)   31.9                                            18.6                                            53.8                                            19.2                                            8.4                                             47.0                                            72.30 ± 17.00                                            1535.52 ± 29.98
  Postmenopausal                                                                                                                                                                                                                                                                                                                                                                                      
   No                          1186 (13.1)   33.2                                            22.5[a](#tfn1-cia-8-789){ref-type="table-fn"}   59.4[a](#tfn1-cia-8-789){ref-type="table-fn"}   13.4[a](#tfn1-cia-8-789){ref-type="table-fn"}   5.1[a](#tfn1-cia-8-789){ref-type="table-fn"}    45.1                                            79.15 ± 15.41[a](#tfn1-cia-8-789){ref-type="table-fn"}   1549.57 ± 28.21[a](#tfn1-cia-8-789){ref-type="table-fn"}
   Yes                         4805 (53.1)   31.6                                            17.7                                            52.4                                            20.6                                            9.3                                             47.5                                            70.60 ± 16.95                                            1532.05 ± 29.39
  Age (years)                                                                                                                                                                                                                                                                                                                                                                                         
   40--49                      1885 (20.8)   29.6[b](#tfn2-cia-8-789){ref-type="table-fn"}   20.3[b](#tfn2-cia-8-789){ref-type="table-fn"}   52.1[a](#tfn1-cia-8-789){ref-type="table-fn"}   10.6[a](#tfn1-cia-8-789){ref-type="table-fn"}   5.0[a](#tfn1-cia-8-789){ref-type="table-fn"}    40.4[a](#tfn1-cia-8-789){ref-type="table-fn"}   77.59 ± 15.13[a](#tfn1-cia-8-789){ref-type="table-fn"}   1545.34 ± 27.67[a](#tfn1-cia-8-789){ref-type="table-fn"}
   50--59                      3232 (35.7)   29.0                                            18.0                                            51.1                                            15.0                                            6.7                                             45.5                                            74.74 ± 16.42                                            1539.52 ± 29.92
   60--69                      2758 (30.5)   32.7                                            18.7                                            52.6                                            18.1                                            7.9                                             51.2                                            71.42 ± 16.97                                            1532.56 ± 29.77
   ≥70                         1171 (12.9)   32.9                                            16.2                                            59.7                                            25.5                                            10.0                                            53.3                                            69.78 ± 18.00                                            1529.67 ± 32.34
  Educational background                                                                                                                                                                                                                                                                                                                                                                              
   Illiteracy                  403 (4.6)     24.3[a](#tfn1-cia-8-789){ref-type="table-fn"}   17.6[b](#tfn2-cia-8-789){ref-type="table-fn"}   35.2[a](#tfn1-cia-8-789){ref-type="table-fn"}   9.7[a](#tfn1-cia-8-789){ref-type="table-fn"}    3.5[a](#tfn1-cia-8-789){ref-type="table-fn"}    42.4[a](#tfn1-cia-8-789){ref-type="table-fn"}   71.27 ± 17.72[a](#tfn1-cia-8-789){ref-type="table-fn"}   1534.09 ± 30.59[a](#tfn1-cia-8-789){ref-type="table-fn"}
   Primacy                     758 (8.6)     29.6                                            17.9                                            44.2                                            8.6                                             3.3                                             42.6                                            71.03 ± 17.63                                            1532.58 ± 34.63
   Junior                      2356 (26.7)   28.3                                            17.5                                            48.6                                            11.2                                            4.2                                             44.4                                            72.72 ± 16.89                                            1535.88 ± 28.58
   Senior                      3233 (36.3)   30.5                                            17.5                                            54.5                                            16.5                                            7.4                                             47.9                                            74.15 ± 16.41                                            1538.01 ± 31.01
   University                  2076 (23.5)   37.4                                            22.6                                            63.8                                            25.7                                            12.8                                            54.4                                            75.41 ± 16.45                                            1540.28 ± 28.65
  With osteoporotic fracture                                                                                                                                                                                                                                                                                                                                                                          
   Yes                         803 (8.9)     43.8[a](#tfn1-cia-8-789){ref-type="table-fn"}   21.7[b](#tfn2-cia-8-789){ref-type="table-fn"}   55.3                                            36.5[a](#tfn1-cia-8-789){ref-type="table-fn"}   17.9[a](#tfn1-cia-8-789){ref-type="table-fn"}   61.0[a](#tfn1-cia-8-789){ref-type="table-fn"}   68.22 ± 17.10[a](#tfn1-cia-8-789){ref-type="table-fn"}   1527.25 ± 30.24[a](#tfn1-cia-8-789){ref-type="table-fn"}
   No                          8246 (91.1)   29.5                                            18.2                                            52.6                                            14.0                                            6.1                                             45.8                                            74.21 ± 16.63                                            1538.31 ± 30.12

**Notes:**

*P* \< 0.001;

*P* \< 0.05.

**Abbreviations:** BUA, broadband ultrasound attenuation; SOS, speed of sound; SD, standard deviation.

###### 

Factors found to be related to awareness of osteoporosis on binary logistic regression analysis

  Model variables              Heard of osteoporosis (%)   Heard of osteoporotic fracture (%)   Drinking milk (%)   Taking calcium (%)   Taking vitamin D (%)   Doing physical activity (%)                                                                              
  ---------------------------- --------------------------- ------------------------------------ ------------------- -------------------- ---------------------- ----------------------------- ------------------- ------- ------------------- ------- ------------------ -------
  Sex                                                                                                                                                                                                                                                                    
   Males                       1.00                        0.000                                1.00                0.321                1.00                   0.000                         1.00                0.000   1.00                0.000   1.00               0.097
   Females                     1.27(1.15--1.41)                                                 1.06(0.94--1.20)                         1.32(1.21--1.46)                                     3.08 (2.65--3.57)           2.52 (2.05--3.09)           1.08(0.99--1.19)   
  Age (years)                                                                                                                                                                                                                                                            
   40--49                      1.00                        0.007                                1.00                0.024                1.00                   0.000                         1.00                0.000   1.00                0.000   1.00               0.000
   50--59                      0.99(0.88--1.13)            0.928                                0.88(0.76--1.02)    0.079                1.04(0.93--1.17)       0.481                         1.68(1.39--2.01)    0.000   1.48(1.15--1.92)    0.002   1.25(1.11--1.40)   0.000
   60--69                      1.19(1.04--1.35)            0.011                                0.92(0.79--1.07)    0.257                1.16(1.02--1.31)       0.019                         2.29(1.90--2.76)    0.000   1.89(1.46--2.45)    0.000   1.59(1.41--1.80)   0.000
   ≥70                         1.15(0.98--1.36)            0.086                                0.74(0.61--0.90)    0.003                1.53 (1.31--1.78)      0.000                         2.90(2.33--3.61)    0.000   2.26(1.68--3.04)    0.000   1.64(1.40--1.91)   0.000
  Educational background                                                                                                                                                                                                                                                 
   Illiteracy                  1.00                        0.000                                1.00                0.000                1.00                   0.000                         1.00                0.000   1.00                0.000   1.00               0.000
   Primacy                     1.28(0.97--1.69)            0.083                                1.01 (0.74--1.39)   0.944                1.48(1.15--1.90)       0.002                         0.85(0.56--1.30)    0.456   0.92(0.47--1.80)    0.815   0.97(0.76--1.24)   0.792
   Junior                      1.27(1.00--1.63)            0.054                                0.98(0.74--1.29)    0.859                1.89(1.52--2.36)       0.000                         1.46(1.01--2.09)    0.042   1.43 (0.80--2.53)   0.226   1.12(0.90--1.39)   0.307
   Senior                      1.42(1.11--1.81)            0.005                                0.97(0.74--1.27)    0.823                2.40 (1.93--2.99)      0.000                         2.31 (1.63--3.28)   0.000   2.61 (1.50--4.54)   0.001   1.30(1.06--1.61)   0.014
   University                  2.01 (1.57--2.58)           0.000                                1.35(1.02--1.79)    0.035                3.69 (2.94--4.64)      0.000                         5.22 (3.65--7.45)   0.000   5.70 (3.27--9.95)   0.000   1.72(1.38--2.14)   0.000
  With osteoporotic fracture                                                                                                                                                                                                                                             
   No                          1.00                        0.000                                1.00                0.013                1.00                   0.693                         1.00                0.000   1.00                0.000   1.00               0.000
   Yes                         1.72(1.48--2.00)                                                 1.26(1.05--1.51)                         0.97(0.83--1.13)                                     2.72 (2.30--3.22)           2.57(2.07--3.18)            1.64(1.41--1.91)   

**Abbreviations:** CI, confidence interval; OR, odds ratio.

###### 

Quantitative ultrasound parameters in groups with different awareness

                                   BUA (dB/MHz)                                                                                        SOS (m/sec)
  -------------------------------- --------------------------------------------------------------------------------------------------- -----------------------------------------------------------------------------------------------------
  Heard of osteoporosis                                                                                                                
   Yes                             72.46 ± 16.83[a](#tfn5-cia-8-789){ref-type="table-fn"},[a'](#tfn7-cia-8-789){ref-type="table-fn"}   1534.85 ± 30.12[a](#tfn5-cia-8-789){ref-type="table-fn"},[a'](#tfn7-cia-8-789){ref-type="table-fn"}
   No                              74.22 ± 16.10                                                                                       1538.43 ± 30.17
  Heard of osteoporotic fracture                                                                                                       
   Yes                             73.48 ± 16.85                                                                                       1536.01 ± 31.60[b](#tfn6-cia-8-789){ref-type="table-fn"},[b'](#tfn8-cia-8-789){ref-type="table-fn"}
   No                              73.72 ± 16.74                                                                                       1537.63 ± 29.86
  Drinking milk                                                                                                                        
   Yes                             73.91 ± 16.70                                                                                       1537.91 ± 30.53[b'](#tfn8-cia-8-789){ref-type="table-fn"}
   No                              73.42 ± 16.82                                                                                       1536.69 ± 29.81
  Taking calcium                                                                                                                       
   Yes                             71.90 ± 17.25[a](#tfn5-cia-8-789){ref-type="table-fn"}                                              1534.57 ± 30.00[a](#tfn5-cia-8-789){ref-type="table-fn"}
   No                              74.02 ± 16.64                                                                                       1537.86 ± 30.21
  Taking vitamin D                                                                                                                     
   Yes                             71.57 ± 17.46[b](#tfn6-cia-8-789){ref-type="table-fn"}                                              1534.85 ± 29.79[b](#tfn6-cia-8-789){ref-type="table-fn"}
   No                              73.84 ± 16.69                                                                                       1537.52 ± 30.22
  Doing physical activity                                                                                                              
   Yes                             73.38 ± 16.61                                                                                       1536.61 ± 30.16[b](#tfn6-cia-8-789){ref-type="table-fn"}
   No                              73.94 ± 16.89                                                                                       1537.97 ± 30.22

**Notes:**

*P* \< 0.001;

*P* \< 0.05;

*P* \< 0.001;

*P* \< 0.05 in model adjusted for sex, age, body mass index, educational background, and a history of osteoporotic fracture.

**Abbreviations:** BUA, broadband ultrasound attenuation; SOS, speed of sound.

###### 

Factors found to be related to quantitative ultrasound based on multivariate linear regression analysis

  Model variables                              BUA      SOS                                                        
  -------------------------------------------- -------- -------- --------- ----------- -------- -------- --------- -----------
  Sex (women versus men)                       −4.119   −0.116   −10.643   0.000       −5.863   −0.092   −8.407    0.000
  Age (older versus younger)                   −0.312   −0.169   −15.558   0.000       −0.636   −0.191   −17.613   0.000
  Body mass index (higher versus lower)        0.194    0.037    3.530     0.000       0.159    0.017    1.604     0.109
  Education background (higher versus lower)   0.770    0.049    4.437     0.000       1.120    0.040    3.583     0.000
  With osteoporotic fracture history           −4.027   −0.069   −6.421    0.000       −7.583   −0.072   −6.714    0.000
  Heard of osteoporosis before                 −2.347   −0.065   −4.392    **0.000**   −3.816   −0.058   −3.965    **0.000**
  Heard of osteoporotic fractures              1.142    0.027    1.857     0.063       0.532    0.007    0.480     0.631
  Drinking milk daily                          0.795    0.024    2.227     **0.026**   1.740    0.029    2.705     **0.007**
  Taking calcium daily                         0.162    0.004    0.278     0.781       0.168    0.002    0.160     0.873
  Taking vitamin D daily                       −0.675   −0.010   −0.846    0.398       0.403    0.003    0.281     0.779
  Doing physical activity daily                0.625    0.019    1.574     0.116       1.018    0.017    1.423     0.155

**Notes:** bold figures indicate statistical significance between awareness and quantitative ultrasound.

**Abbreviations:** BUA, broadband ultrasound attenuation; SOS, speed of sound.

[^1]: \*These authors contributed equally to this work
